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N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-1891 

SOME FLIGHT CHARACTERISTICS OF A DEFLECTED 

SLIPSTREAM V/STOL AIRCRAFT 

By Howard L. Turner and Fred J. Drinkwater I11 

SUMMARY 

The Ryan VZ-3RY V/STOL tes t  v e h i c l e  w a s  f l i g h t  t e s t e d  over t h e  a i r s p e e d  
range from 80 knots t o  below 6 knots .  
t o  be be t te r  s u i t e d  t o  STOL t h a n  VTOL ope ra t ion .  Adverse ground e f f e c t s  p r e -  
vented ope ra t ion  c l o s e  t o  t h e  ground at speeds less t h a n  20 knots  and below 
approximately 15  feet  a l t i t u d e .  

The d e f l e c t e d  s l i p s t r e a m  concept proved 

S teep  g l i d e  s lopes  t o  landing (up t o  -16O) at approximately 40 knots  were 
achieved, but s t eep ,  slow, descending f l i g h t  d i d  not appear f e a s i b l e .  Ful l -span 
leading-edge slats markedly inc reased  t h e  descent c a p a b i l i t y  and reduced t h e  
minimum level  f l i g h t  speed. 

INTRODUCTION 

The VZ-3RY d e f l e c t e d  slipstream V/STOL a i r c r a f t  d i f f e r s  from conventional 
p r o p e l l e r  a i r c r a f t  by t h e  use of a high thrust- to-weight  r a t i o ,  and ove r s i zed  
f u l l - s p a n  f l a p s  d e f l e c t e d  through l a r g e  angles  t o  t u r n  t h e  p r o p e l l e r  s l i p s t r e a m  
flowing over t h e  wing. Changes i n  power and f l a p  conf igu ra t ions  r e q u i r e d  f o r  
f l i g h t  over t h e  design speed range produce moment v a r i a t i o n s  and wing s t a l l  which 
c o n s t i t u t e  b a s i c  aerodynamic problems i n  t h e  design of  a V/STOL v e h i c l e  based on 
t h e  de f l ec t ed - s l ip s t r eam concept. Other problem areas include t h e  p rov i s ion  for 
adequate c o n t r o l l a b i l i t y  of t h e  v e h i c l e  over i t s  e n t i r e  range of ope ra t ing  a i r -  
speeds, low propu l s ive  e f f i c i e n c i e s ,  low t u r n i n g  e f f e c t i v e n e s s ,  and t h e  e f f e c t s  
of  ope ra t ing  i n  c l o s e  proximity t o  t h e  ground. 

Considerable wind-tunnel work w a s  completed by t h e  NACA on t h e  more b a s i c  
aerodynamic problems of ope ra t ing  a f l apped  wing immersed i n  a p r o p e l l e r  s l i p -  
stream. R e s u l t s  of  some of  t h e s e  s t u d i e s  have been publ ished i n  r e fe rences  1 t o  
4. 
d e f l e c t i o n s ,  can l i m i t  low-speed f l i g h t  even though t h e  wing i s  completely 
immersed i n  t h e  p r o p e l l e r  s l i p s t r eam.  

I n  gene ra l ,  t h e s e  data i n d i c a t e  t h a t  wing s t a l l ,  a t  high power and l a r g e  f l a p  



To explore  some of  t h e s e  problems i n  f l i g h t ,  t h e  U. S .  Army con t rac t ed  with 
t h e  Ryan Aeronaut ical  Company i n  1957 t o  develop and b u i l d  t h e  VZ-3RY "test-bed" 
with V/STOL c a p a b i l i t y .  The bulk of r ecen t  experience with d e f l e c t e d  s l i p s t r e a m  
V/STOL aircraft  i n  t h e  U. S.  has been in t ima te ly  a s soc ia t ed  with t h e  Ryan VZ-3RY 
( r e p o r t e d  i n  refs .  5 t o  9 ) .  
t i c s  are p e c u l i a r  t o  t h e  p a r t i c u l a r  t es t  v e h i c l e  and would not be gene ra l  charac- 
t e r i s t i c s  of  t h e  V/STOL concept represented.  
are f e l t  t o  be of  a gene ra l  na tu re  are presented i n  t h e  body of  t h e  r e p o r t .  
Those c h a r a c t e r i s t i c s  appearing t o  be p e c u l i a r  t o  t h e  Ryan VZ-3RY are presented 
i n  t h e  appendix. 

It i s  recognized t h a t  c e r t a i n  adverse c h a r a c t e r i s -  

With t h i s  i n  mind, only d a t a  which 

I n  t h i s  r e p o r t ,  d a t a  are presented f o r  t h e  speed range from 0 t o  80 knots;  
however, emphasis has been placed on f l i g h t  performance d a t a  i n  t h e  STOL f l i g h t  
r eg ion  above 20 knots.  
d e f l e c t e d  s l i p s t r e a m  V/STOL a i r c r a f t  can be flown at zero a i r speed ,  out  of ground 
e f f e c t ,  but it w a s  apparent t h a t  ope ra t ion  at low a i r speeds  and low a l t i t u d e s  
would, at best ,  be very marginal because of an adverse ground e f f e c t .  The 
l i m i t a t i o n s  of t h e  hovering c h a r a c t e r i s t i c s  of t h e  d e f l e c t e d  sl ' ipstream v e h i c l e  
were not deemed t o  be wi th in  t h e  scope of t h i s  i n v e s t i g a t i o n .  

It w a s  previously demonstrated (see re f .  9) t h a t  a 
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AIRCRAFT AND CONTROL SYSTEMS 

A i r c r a f t  

The Ryan VZ-3RY d e f l e c t e d  s l i p s t r e a m  t e s t  v e h i c l e ,  shown i n  f i g u r e  1 with 
f l a p s  f u l l y  d e f l e c t e d  and with a leading-edge s la t  i n s t a l l e d ,  i s  a s ing le -p lace ,  
high-wing monoplane powered by a single Lycoming YT-53 f r e e - t u r b i n e  engine.  The 
power t u r b i n e  i s  connected t o  two coun te r ro t a t ing  c o n t r o l l a b l e - p i t c h  p r o p e l l e r s  
through connecting drive s h a f t s .  A three-view drawing of  t h e  a i r c r a f t  i s  shown 
i n  f i g u r e  2. P e r t i n e n t  dimensions are given i n  t a b l e  I .  
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Tests were made with and without fu l l - span  leading-edge slats on t h e  wing. 
P. diagram of t h e  slat i n s t a l l a t i o n  i s  given i n  f i g u r e  3. Photographs of t h e  
s la t ,  as f l i g h t  t e s t e d ,  are shown i n  f i g u r e  4. 

F l i g h t  Control  Systems 

The Ryan VZ-3RY tes t  veh ic l e  w a s  equipped with dua l  modes o f  c o n t r o l  about 
p i t c h ,  roll, yaw, and t h r u s t  axes t o  permit f l i g h t  at a i r speeds  above and below 
speeds where conventional con t ro l s  are e f f e c t i v e .  These f l i g h t  c o n t r o l  systems 
are descr ibed i n  t h e  paragraphs below. 

Longi tudinal  c o n t r o l  systems.- The long i tud ina l  c o n t r o l  systems include a 
convent ional  c o n t r o l  s t i c k  mechanically connected by cables  t o  a convent ional  
e l eva to r  incorpora t ing  a geared t ab .  
t o  t h e  e l eva to r  and mounted on t h e  af t  end of t h e  exhaust-gas t a i l p i p e ,  u t i l i z e s  
r e s i d u a l  t h r u s t  from t h e  engine t o  provide t h e  c o n t r o l  moment at a i r speeds  f o r  
which t h e  conventional e l eva to r  i s  i n e f f e c t i v e .  The c o n t r o l  moment produced by 
r e s i d u a l  t h r u s t  v a r i e d  as a d i r e c t  func t ion  of output horsepower. During f l i g h t  
both aerodynamic and r e a c t i o n  c o n t r o l  systems are opera t ing .  Longi tudinal  t r i m  
i s  provided by an  all-movable ho r i zon ta l  s t a b i l i z e r  ac tua t ed  by an e l e c t r i c  
motor; t h e  incidence range i s  13' t o  23' (with respec t  t o  t h e  fuse lage  r e fe rence  
l i n e ) .  A conventional thumb-operated t r i m  switch i s  provided on t o p  of t h e  
c o n t r o l  s t i c k .  

A t h r u s t  d i v e r t e r ,  mechanically connected 

A t o t a l  of 32.3' of e l eva to r  w a s  a v a i l a b l e  t o  t h e  p i l o t  f o r  a t o t a l  of 
14 inches of s t i c k  t r a v e l .  

L a t e r a l  con t ro l  systems. - The la teral  c o n t r o l  systems i n s t a l l e d  i n  t h e  Ryan 
VZ-3RY include s l o t - l i p  s p o i l e r s  f o r  aeroaynamic c o n t r o l  and d i f f e r e n t i a l  p rope l -  - -  - -  

l e r  p i t c h  f o r  low-speed la te ra l  con t ro l .  
ma t i ca l ly  v a r i e d  w i t h  t h e  d e f l e c t i o n  of t h e  f l a p s ,  from Oo blade angle  at Oo of  
f l a p  t o  k1.5' blade angle  at 6 5 O  of f l a p  ( f o r  f u l l  s t i ck  t r a v e l  of +7-1/2 i nches ) .  
Considerable d i f f i c u l t y  w a s  encountered with "snatching" of t h e  s l o t - l i p  s p o i l e r s  
when t h e  f l a p s  were r e t r a c t e d .  Th i s  phenomenon w a s  t r a c e d  t o  t h e  conf igura t ion  
e s t ab l i shed  between t h e  upper su r face  of t h e  f l a p  and t h e  lower sur face  of t h e '  
s p o i l e r  (see f i g .  2 ) .  
i n a t e d  t h e  snatching witahout reducing t h e  s p o i l e r  e f f ec t iveness .  

D i f f e r e n t i a l  p rope l l e r  p i t c h  w a s  au to -  

Pe r fo ra t ing  t h e  s p o i l e r  with 1/2-inch-diameter ho les  e l i m -  

Fixed, bendable t a b s  were added t o  t h e  outboard t r a i l i n g  edges of  both t h e  
s p o i l e r s  and t h e  lower f l a p  su r faces .  Breakout fo rces  f o r  t h e  l a t t e r  con t ro l s  
were less than  16 ounces. 

The p i t c h  change mechani'sm of  t h e  p rope l l e r  blades w a s  dependent on hydrau- 
l i c  p re s su re  (500 p s i )  t o  d r ive  t h e  blades t o  low p i t c h  and a combination of 
counterweight fo rces  and aerodynamic fo rces  on t h e  blades t o  drive t h e  p r o p e l l e r  
toward high p i t c h .  
blade angle  changes due t o  l ags  r e s u l t i n g  from d i f f e rences  i n  i n t e r n a l  f r i c t i o n  
of t h e  p rope l l e r s .  
changes at rates up t o  16O per  second with d i f f e r e n t i a l  l a g s  of  less than  0.10 
second they  provided s a t i s f a c t o r y  con t ro l  response c h a r a c t e r i s t i c s .  

D i f i c u l t i e s  were encountered i n i t i a l l y  i n  making abrupt  

After t h e  p rope l l e r s  were reworked t o  produce blade angle  
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D i r e c t i o n a l  c o n t r o l  systems. - The d i r e c t i o n a l  c o n t r o l  systems of  t h e  Ryan 
VZ-3RY cons i s t ed  of  a conventional rudder f o r  high-speed f l i g h t  and a s e r i e s  of 
s h u t t e r s  a t t a c h e d  t o  t h e  t h r u s t  d i v e r t e r  for c o n t r o l  a t  low a i r speeds .  The rud-  
der  and t h r u s t  d i v e r t e r  were mechanically connected toge the r  and operated at a l l  
t i m e s  during f l i g h t .  

Airspeed, Flap angle  , Control power , R a t  e damping , 
r ad ians  / s ec2 pe r  s ee  knots deg 

20 65 1.00 -0.945 
35 40 1.63 -1.76 
60 20 2.00 -2.89 

Thrust  c o n t r o l . -  Thrust  c o n t r o l  w a s  provided by a t h r o t t l e ,  which con t ro l l ed  
f u e l  f low t o  t h e  gas generator  s e c t i o n  of  t h e  f r e e - t u r b i n e  engine,  and a l s o  by a 
c o l l e c t i v e  p i t c h  l e v e r  which c o n t r o l l e d  t h e  p r o p e l l e r  blade ang le s .  
l a t t e r  c o n t r o l  w a s  used, f u e l  flow f o r  t h e  engine w a s  r e g u l a t e d  by t h e  governor 
of t h e  power t u r b i n e .  
mounted s i d e  by s i d e  along t h e  forward, l e f t  s i d e  of t h e  cockpi t ,  wi th  t h e  
t h r o t t l e  mounted outboard of t h e  c o l l e c t i v e  p i t c h  c o n t r o l .  

When t h e  

Both t h e  t h r o t t l e  and t h e  c o l l e c t i v e  p i t c h  c o n t r o l  were 

P i l o t  opinion 
r a t i n g  

3 
3 
3 

It w a s  determined t h a t  height c o n t r o l  of  t h e  VZ-3RY w a s  more r e a d i l y  
accomplished by c o l l e c t i v e  p i t c h  changes of t h e  p r o p e l l e r  blade angles  than  by 
t h r u s t  changes with t h e  t h r o t t l e  because of t h e  increased response allowable with 
t h e  former system. Th i s  f e a t u r e  w a s  not extensively used i n  t h e s e  f l i g h t  t e s t s ,  
however, because t h e  p r o p e l l e r  blade angle  could not be set below t h a t  r e q u i r e d  
f o r  power-off f l i g h t  and t h i s  minimum blade angle  r e s u l t e d  i n  excessive horse-  
power output a t  governed RPM. 

TESTS , RESULTS , AND DISCUSSION 

Handling Q u a l i t i e s  

While it can be argued t h a t  c e r t a i n  handling q u a l i t i e s  of t h e  d e f l e c t e d  
s l i p s t r e a m  t e s t  v e h i c l e  are p e c u l i a r  t o  t h e  Ryan VZ-3RY7 c o n t r o l  power and damp- 
ing,  l a t e r a l - d i r e c t i o n a l  coupling, and s t a l l i n g  c h a r a c t e r i s t i c s  are of  a gene ra l  
na tu re  and w i l l  be discussed i n  t h i s  s e c t i o n  of  t h e  r e p o r t .  Other c h a r a c t e r i s -  
t i c s  of  t h e  VZ-3RY7 such as t h e  l o n g i t u d i n a l  s t a b i l i t y  and t r i m  c h a r a c t e r i s t i c s ,  
l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s ,  and t h e  f l i g h t  ope ra t ing  bounda- 
r i e s ,  are r epor t ed  and discussed i n  t h e  appendix. 

It should be noted t h a t  p i l o t  opinion r a t i n g s  shown i n  t h e  t a b l e  above 
r e f l e c t  t h e  p i l o t ' s  opinion of t h e  l o n g i t u d i n a l  response and not t h e  o v e r - a l l  
l o n g i t u d i n a l  c o n t r o l l a b i l i t y  of  t h e  a i r c r a f t .  Although t h e  p i l o t s  found t h a t  
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t h e  c o n t r o l  powers a v a i l a b l e  were adequate, t h e  n e u t r a l  o r  negat ive s t a b i l i t y  
c h a r a c t e r i s t i c s  (see appendix) reduced t h e  p i l o t  opinion r a t i n g  of t h e  l o n g i t u -  
d i n a l  c o n t r o l l a b i l i t y  t o  4-1/2, an u n s a t i s f a c t o r y  value.  

Airspeed, 
knot s 

20 
35 
60 

The maximum l a t e ra l  c o n t r o l  powers a v a i l a b l e  with combined s p o i l e r  and 
d i f f e r e n t i a l  p r o p e l l e r  p i t c h  are given below f o r  t h r e e  a i r speeds .  The c o r r e -  
sponding damping and p i l o t  opinion r a t i n g s  are a l s o  included. 

Flap angle ,  Control power, Rate damping, P i l o t  opinion 
deg radians/sec2 pe r  s ee  r a t i n g  

65 4.5 -0.68 2 
40 2.6 -0. yl 2 

4 - - -  20 1 - 3 5  

Again, t h e  p i l o t  opinion r a t i n g s  shown above r e f l e c t  t h e  p i l o t ' s  opinion 
of t h e  l a t e r a l  response and not t h e  la teral  c o n t r o l l a b i l i t y  of t h e  a i r c r a f t .  
l a t e r a l - d i r e c t i o n a l  coupling problem reduced t h e  p i l o t  opinion r a t i n g  of c o n t r o l -  
l a b i l i t y  t o  6 .5 ,  an unacceptable value.  
next s e c t i o n  of t h e  r e p o r t .  

A 

This  problem w i l l  be discussed i n  t h e  

Measurements of yaw c o n t r o l  power and damping are not presented s i n c e  f u l l  
d i r e c t i o n a l  c o n t r o l  ( rudder  p l u s  t h r u s t  d i v e r t e r )  d i d  not produce an apprec i ab le  
yawing a c c e l e r a t i o n  over t h e  speed range t e s t e d .  During f l i g h t  at 20 knots i n  
s t i l l  a i r  t h e  d i r e c t i o n a l  s t a b i l i t y  w a s  so low t h a t  t h e  small yawing moments 
produced by t h e  s p o i l e r s  and d i f f e r e n t i a l  p r o p e l l e r  p i t c h  r e s u l t e d  i n  s i d e s l i p  
excursions as much as *loo. 
r a t e d  t h e  d i r e c t i o n a l  c o n t r o l  as 8, an unacceptable va lue .  

Y a w  damping appeared t o  be very high. The p i l o t  

L a t e r a l - d i r e c t i o n a l  coupl ing.-  A t ime h i s t o r y  of  an a i l e r o n  s t e p  (rudder 
f ixed)  i s  shown i n  f i g u r e  5 .  These d a t a  were obtained a t  20 knots with 65' of 
f l a p .  It w i l l  be noted t h a t  l a r g e  va lues  of  s i d e s l i p  develop before  any appre- 
c i a b l e  yawing v e l o c i t y  develops. A s  a resu l t ,  unless  rudder i s  used, t h e  a i r -  
c r a f t  w i l l  t u r n  only a f te r  an apprec i ab le  t ime delay.  Th i s  u n s a t i s f a c t o r y  char-  
a c t e r i s t i c  occurs during r o l l  maneuvers a t  low speeds where t h e  d i r e c t i o n a l  
s t a b i l i t y  of t h e  v e h i c l e  i s  apparent ly  poor. A similar r o l l - s i d e s l i p  coupling 
problem w a s  encountered with t h e  B E  equipped NC-130B i n  low-speed f l i g h t  
( r e f .  11). 

S t a l l  and minimum speed c h a r a c t e r i s t i c s . -  The s t a l l i n g  c h a r a c t e r i s t i c s  
cons i s t ed  of s m a l l  excursions i n  p i t c h  and r o l l  with moderate bu f fe t ing  f o r  f l a p  
d e f l e c t i o n s  less than  40'. 
with a mild loss  i n  l i f t .  No s e r i o u s  b u f f e t i n g  o r  r o l l  o f f  w a s  encountered. 

For higher  f l a p  d e f l e c t i o n s  t h e  s t a l l  w a s  more g e n t l e  

The minimum a i r s p e e d  t o  which t h e  a i r c r a f t  could be flown i n  l e v e l  f l i g h t  
(a t  power f o r  l e v e l  f l i g h t )  without t h e  leading-edge slats ( r e f .  5 )  w a s  24 knots .  
S l a t s  made p o s s i b l e  a l a r g e  r educ t ion  i n  minimum level  f l i g h t  a i r s p e e d  and a 
corresponding l a r g e  inc rease  i n  angle-of - a t t ack  c a p a b i l i t y .  Data showing t h e  
inc reased  angle-of-at tack range a v a i l a b l e  are given i n  f i g u r e  6. 
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With only aerodynamic l o n g i t u d i n a l  and d i r e c t i o n a l  c o n t r o l  t h e  a i r c r a f t  w a s  
flown with 50° of f l a p  t o  a minimum a i r speed  of 35 knots (without s l a t s ) .  
a i r c r a f t  d i d  not s t a l l ,  but c o n t r o l  power about t h e  l o n g i t u d i n a l  and d i r e c t i o n a l  
axes by aerodynamic means alone w a s  completely unacceptable and l i m i t e d  t h e  
minimum speed t o  which t h e  a i r c r a f t  could be flown. 

The 

Performance Character i s  t i c  s 

F l i g h t  performance c h a r a c t e r i s t i c s  are shown i n  f i g u r e  7 .  The upper 
boundary w a s  determined a t  m a x i m u m  power. 
w a s  obtained at f l i g h t  i d l e  power, with an inc rease  i n  f l a p  d e f l e c t i o n  from 0' 
a t  66 knots t o  40' at 38 knots .  Th i s  l a t t e r  point  r ep resen t s  t h e  minimum air-  
speed a t  which la teral  c o n t r o l  i s  acceptable  with f l i g h t  i d l e  power.' Further  
decreases i n  a i r speed  a r e  poss ib l e  only by inc reas ing  power and f l a p  de f l ec t ion ;  
however, t h e r e  i s  a marked decrease i n  descent c a p a b i l i t y  under t h e s e  condi t ions.  
Without wing s la ts ,  t h e  minimum level  f l i g h t  speed ob ta inab le  w a s  24 knots .  With 
wing s la ts ,  zero a i r speed  could be obtained but with very low descent r a t e  capa- 
b i l i t y .  
6 knots w a s  doubtful  because t h e  flow f i e l d  around t h e  a i r c r a f t  l i m i t e d  t h e  
accuracy of t h e  balanced thermocouple hot w i r e  anemometer used t o  measure 
a i r s p e e d  below 10 kno t s . )  

The lower boundary from 66 t o  38 knots 

(It should be noted t h a t  t h e  accuracy of a i r speed  measurements below 

It i s  apparent from f i g u r e  7 t h a t  i nc reases  i n  power t o  permit f l i g h t  at 
lower speeds compromised descent c a p a b i l i t y .  
ope ra t ing  techniques were found which would permit s t e e p  descents at low speeds. 
The t h r u s t  vec to r  could not be o r i e n t e d  i n  a d i r e c t i o n  such as t o  produce a 
braking f o r c e  and s t i l l  provide reduced s t a l l  speeds.  Wing s t a l l  i s  induced by 
increasing descent ra te .  Pos i t i on ing  t h e  a i r c r a f t  i n  a minimum speed nose-high 
a t t i t u d e  and e s t a b l i s h i n g  high rates of s i n k  r equ i r ed  f u r t h e r  i nc reases  i n  both 
a i r s p e e d  and descent rate t o  arrest  t h e  s ink .  Th i s  w a s  not considered a d e s i r -  
a b l e  maneuver. The i n a b i l i t y  t o  u t i l i z e  power t o  o b t a i n  low-speed s t e e p  descents 
w a s  a l s o  a c h a r a c t e r i s t i c  found i n  both t h e  C-130 and t h e  C-134 BLC re sea rch  
a i r c r a f t s  ( refs .  11 and 1 2 ) .  

No reasonable  modif icat ions or 

A t  ve ry  low a i r speeds ,  s t e e p  descents i n  a nose-high a t t i t u d e  were l i m i t e d  
I by unsteady f l i g h t  a s s o c i a t e d  with wing s t a l l .  A t  a i r speeds  as low as 10 knots ,  

where it i s  usua l ly  assumed t h a t  t h e  inf luence of free-stream dynamic p res su re  
can be neglected,  t h e  e f f e c t  of angle  of  a t t a c k  w a s  pronounced and wing s t a l l  
could s t i l l  be induced i n  l e v e l  f l i g h t  by small inc reases  i n  descent ra te  o r  by 
r educ t ion  i n  power. 
s l i p s t r e a m  with r e spec t  t o  t h e  wing w a s  apparent ly  unchanged and t h e  whole span 
w a s  immersed i n  t h e  p r o p e l l e r  s l i p s t r eam.  

Th i s  w a s  t r u e  even though t h e  phys ica l  geometry of  t h e  

The foregoing slow speed c h a r a c t e r i s t i c s  are f o r  ope ra t ion  out of ground 
e f f e c t .  The e f f e c t s  of t h e  proximity t o  t h e  ground are t r e a t e d  i n  another 
s e c t i o n  of t h i s  r e p o r t .  

I 'Flight i d l e  power a t  40 knots i s  approximately 100 horsepower. 
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Short Take-Off and Landing C h a r a c t e r i s t i c s  

Short  t ake-of f  c h a r a c t e r i s t i c s .  - The shor t  t ake-of f  c h a r a c t e r i s t i c s  are 
shown i n  f i g u r e  8 and include t h e  d is tance  from s tar t  of ground run t o  t h e  poin t  
w'iere t h e  a i r c r a f t  became a i rborne  and from start  t o  c learance over a 50-foot 
obs t ac l e  as func t ions  of f l a p  de f l ec t ion .  All t a k e  o f f s  were accomplished with 
f u l l  power. It should be noted t h a t  t h e  VZ-3 brake system made it impossible t o  
hold t h e  a i r c r a f t  with more than  100 horsepower; hence, t ake-of f  d i s tances  are 
lengthened somewhat. The t h r o t t l e  w a s  opened f u l l y  p r i o r  t o  brake r e l e a s e  but 
510 percent  of t h e  take-of f  t i m e  f o r  t h e  minimum dis tance  take-of fs  occurred 
while t h e  engine w a s  acce le ra t ing  up t o  f u l l  power. 

The data of f i g u r e  8 were obtained photographical ly  with a F a i r c h i l d  f l i g h t  
ana lyzer .  A t y p i c a l  sho r t  take-off  record  i s  shown i n  f i g u r e  9. The perform- 
2nce data have not been cor rec ted  f o r  wind. The majori ty  of runs were made i n  
calm ai r  and i n  no case w a s  t h e  wind v e l o c i t y  g r e a t e r  than  10 knots .  A r ep re -  
s e n t a t i v e  time h i s t o r y  of a minimum dis tance  take-of f ,  obtained from a i rborne  
da ta  recording i n  t h e  t e s t  veh ic l e ,  i s  shown i n  f i g u r e  10. Minimum d i s t ance  
take-of fs  were accomplished a t  long i tud ina l  acce le ra t ions  of 0.5 g and climbouts 
were accomplished at climb f l i g h t  -path angles  averaging 25'. The fuse lage  a t t i -  
tudes i n  climbout d id  not  exceed 15 nose up. F lap  r e t r a c t i o n  w a s  i n i t i a t e d  
s h o r t l y  a f te r  t h e  a i r c r a f t  became a i rborne .  Due t o  t h e  abrupt na ture  of t h e  
take-off  maneuver ( 4  t o  6 see )  t h e  p i l o t  had t o  be c a r e f u l  t o  avoid ove r ro t a t ion .  

0 

The da ta  of f i g u r e  8 show a decrease i n  take-of f  d i s t ance  with an increase  
i n  f l a p  de f l ec t ions  up t o  40' o r  50'. 
lengthened t h e  take-of f .  
r e c i r c u l a t i o n  of p rope l l e r  s l i p s t r eam and t h e  increased  drag due t o  t h e  extended 
f l a p s  caused an increase  i n  take-of f  d i s tance .  
accomplished i n  as l i t t l e  as four  seconds with as l i t t l e  as 38 feet  of ground 
run and c l i m b  angles  up t o  33 . The da ta  of f i g u r e  8 represent  average va lues .  
It i s  a l s o  noted t h a t  t h e  wing leading-edge s la ts  improved take-of f  performance 
p a r t i c u l a r l y  at zero f l a p  s e t t i n g .  A t  t h e  minimum distances, the t i m e  and 
d i s t ance  ga ins  due t o  s la ts  were small. It w a s  f e l t  t h a t  t h e  low-wing loading 
of 23 l b / f t 2  and high power loading of 0.25 hp/lb cont r ibu ted  markedly t o  t h e  
sho r t  t ake-of f  c h a r a c t e r i s t i c s .  

Fur ther  increases  i n  f l a p  d e f l e c t i o n  
It w a s  noted t h a t  a t  f l a p  de f l ec t ions  above 50' t h e  

A t  40' of f l a p ,  t ake-of fs  were 

0 

Short landing c h a r a c t e r i s t i c s . -  The shor t  landing c h a r a c t e r i s t i c s  a r e  shown 
i n  f i g u r e  11 as func t ions  of f l a p  de f l ec t ion .  These da t a  are f o r  condi t ions of 
s la ts  o f f  and slats on, and include touchdowns both with and without f lares.  
Landing r o l l  i s  not included because t h e  a i r c r a f t  braking system w a s  not 
r ep resen ta t ive  of a production a i rp l ane .  

A s  would be expected, a decrease i n  landing speed and d i s t ance  w a s  obtained 
up t o  f l a p  de f l ec t ions  of approximately 40'. Fur ther  decreases  i n  landing speed 
by t h e  use of power and f l a p  r e s u l t e d  i n  increased  d i s t ance  t o  touchdown because 
of a f l a t t e r  approach, p a r t i c u l a r l y  without s la ts .  Ground e f f e c t  problems were 
encountered at t h e  higher f l a p  de f l ec t ions  when a i r speed  w a s  reduced t o  less  than  
20 knots .  
s lope  (s la ts  on) and a t  an approach speed of about 40 knots .  

The minimum dis tance  t o  touchdown shown w a s  obtained at -16' g l i d e  
The touchdown 
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a i r s p e e d  a f t e r  f l a r e  averaged 25 knots.  
t h e  maximum g l i d e  s lope and t h e  minimum a i r speed  f o r  sho r t  landings. while provid- 
ing an adequate margin from t h e  s t a l l  and s u f f i c i e n t  l a t e ra l  and l o n g i t u d i n a l  
con t ro l .  Th i s  po in t  i s  noted on t h e  performance curves shown i n  f i g u r e  7 .  

It was considered t h a t  t h i s  r ep resen ted  

I n  f i g u r e  12  ra te  of descent i s  p l o t t e d  aga ins t  a i r speed  f o r  va r ious  f l a p  
Maintenalee of d e f l e c t i o n s  f o r  both t h e  s la t  -on and s l a t  -off configurat ions .2 

good flow over t h e  wing w a s  of paramount importance i n  a t t a i n i n g  s t e e p  descent i n  
t h e  f i n a l  approach. Although approach an l e s  t o  touchdown up t o  -16' were used, 
it was f e l t  t h a t  approach angles  from -10 t o  -15 r ep resen t  more r e a l i s t i c  
va lues .  Steeper  approaches produced d i f f i c u l t i e s  i n  judging t h e  po in t  of f la re .  
I n  cases  where no f la re  w a s  u t i l i z e d  and t h e  a i r c r a f t  w a s  flown i n t o  t h e  ground, 
t h e  landing d i s t ance  was reduced ( s e e  f i g .  11). 
compromise t h e  a i r c r a f t ' s  o v e r - a l l  performance by c a l l i n g  f o r  a heavy landing 
gea r .  

8 0 

High s i n k - r a t e  ope ra t ion  would 

Representat ive STOL Operating P r o f i l e  

I n  view of  t h e  STOL per€ormance experience with t h e  d e f l e c t e d  s l i p s t r e a m  
t e s t  v e h i c l e  and with cons ide ra t ion  t o  t h e  operat ing l i m i t a t i o n s  of  such a con- 
cept ,  a mission operat ing p r o f i l e  i s  i l l u s t r a t e d .  A diagram of t h i s  p r o f i l e  i s  
shown i n  f i g u r e  13.  With r e fe rence  t o  t h i s  f i g u r e ,  p o i n t s  A t o  B would be an 
a c c e l e r a t i o n  t o  take-off  speed a t  0.5 t o  1 .0  g; p o i n t s  B t o  C ,  climbout a t  a max- 
i m u m  of 25' t o  c r u i s e  a l t i t u d e ;  p o i n t s  C t o  D, c r u i s e ;  p o i n t s  D t o  E, descent at 
f l i g h t  i d l e  a t  a m a x i m u m  g l i d e  s lope of -25'; p o i n t s  E t o  F, l e v e l  f l i g h t  dece l -  
e r a t i o n  t o  approach speed made a t  o b s t a c l e  height  ( p l u s  c learance h e i g h t ) ;  p o i n t s  
F t o  G ,  f i n a l  approach a t  a g l i d e  s lope of -10' t o  -15' t o  touchdown; p o i n t s  G t o  
H, dece le ra t ion  t o  f u l l  s t o p  a t  0 . 5  t o  1.0 g .  Climbout and descent could be made 
i n  a t i g h t  s p i r a l  i f  t a c t i c a l  condi t ions d i c t a t e d  t h i s  t ype  of maneuver. The 
minimum time and minimum f u e l  descent from c r u i s e  i s  accomplished at t h e  s t e e p e s t  
angle  cons i s t en t  with a i r speed  l i m i t a t i o n s  D t o  E. 
f u e l  dece le ra t ion  t o  t h e  approach speed i s  accomplished a t  minimum power and i n  
l e v e l  f l i g h t  (or t h e  shallowest p o s s i b l e  descent angle  E t o  F ) .  
t o  touchdown do not appear t o  be t e c h n i c a l l y  or o p e r a t i o n a l l y  u s e f u l  with t h e  
de f l ec t ed  s l i p s t r e a m  concept because of t h e  d i f f i c u l t y  i n  ob ta in ing  s a t i s f a c t o r y  
height  c o n t r o l  and because O S  t h e  adverse, s e l f -gene ra t ed  ground e f f e c t s  discussed 
i n  t h e  next s ec t ion .  

The minimum time and minimum 

V e r t i c a l  descent,  

Ground E f f e c t s  

Operation of t h e  t es t  v e h i c l e  w a s  s eve re ly  l i m i t e d  a t  a i r speeds  l e s s  t han  
20 knots when t h e  cen te r  l i n e  of t h e  p r o p e l l e r  w a s  w i th in  1 . 5  p r o p e l l e r  diameters 
of t h e  ground (approximately 15 f e e t )  due t o  an adverse, self  -generated ground 
e f f e c t .  The speed and a l t i t u d e  l i m i t a t i o n s  a r e  probably func t ions  of t h e  ve loc -  
i t y  of t h e  d e f l e c t e d  s l i p s t r e a m  and t h e  mass flow through t h e  p r o p e l l e r s .  I n  t h e  

No s i g n i f i c a n t  d i f f e rence  w a s  noted between t h e  a i r speeds  s e l e c t e d  by t h e  2 

p i l o t  f o r  approaches with s la ts  o f f  o r  s la t s  on. 
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case of t h e  VZ-3RY, a p i c t o r i a l  examination of t h e  ground e f f e c t  w a s  made t o  
determine t h e  na ture  of t h e  flow. I n  f i g -  
ures  14(a) and (b )  t h e  a i r c r a f t  i s  f l y i n g  1.8 p rope l l e r  diameters above t h e  
gi-ound, out of ground e f f e c t ,  a t  24 and 8 knots,  r e spec t ive ly .  
t h e  a i r c r a f t  a t  8 knots has en tered  i n t o  ground e f f e c t .  

Examples are shown i n  f i g u r e  14. 

I n  f i g u r e  1 4 ( c ) ,  

To ob ta in  these  photographs t h e  runway w a s  dusted with Ansul f i r e  e x t i n -  
gu isher  powder and t h e  dusted a rea  w a s  flown over at a constant  a l t i t u d e  and 
a i r speed .  

I n  general ,  t hese  photos show t h e  flow p a t t e r n  of t h e  r e c i r c u l a t e d  a i r .  I n  
f i g u r e  14(a) ,  t h e  v e l o c i t y  of t h e  a i r c r a f t  exceeds t h e  v e l o c i t y  of t h e  a i r  r e c i r -  
cu la t ed  by t h e  de f l ec t ed  f l a p s ,  and t h e  d is turbed  area ,  shown by t h e  dust  cloud, 
proceeds somewhat ahead of t h e  f l a p  t r a i l i n g  edge but remains behind t h e  propel -  
l e r  d i s c .  A t  a i r speeds  i n  excess of 20 knots,  it w a s  found t h a t  t h e  a i r c r a f t  
could opera te  as c lose  t o  t h e  ground as poss ib l e  while s t i l l  remaining a i rborne  
and no adverse ground e f f e c t  w a s  encountered. I n  f i g u r e  14 (b ) ,  t h e  v e l o c i t y  of 
'che a i r c r a f t  i s  l e s s  t h a n  t h e  v e l o c i t y  of t h e  r e c i r c u l a t e d  air and t h e  d is turbed  
2rea shown by t h e  dust  cloud proceeds ahead of t h e  p rope l l e r  d i s c .  However, t h e  
a i r c r a f t  has s u f f i c i e n t  height  t o  remain above t h e  r e c i r c u l a t e d  a i r  and hence i s  
not a f f e c t e d  by i t .  
l o s t  height  before reaching t h e  dusted area. 
show t h e  r e c i r c u l a t e d  a i r  passing through t h e  p rope l l e r  d i s c .  

I n  f i g u r e  1 4 ( c ) ,  t h e  a i r c r a f t  en te red  i n t o  ground e f f e c t  and 
However, t h e  s e r i e s  of p i c t u r e s  

The mechanism of t h e  ground e f f e c t  appears t o  be t h a t  t h e  de f l ec t ed  
s l ip s t r eam i s  r e c i r c u l a t e d  through t h e  p rope l l e r  d i sc  as tu rbu len t  a i r ,  producing, 
i n  p a r t ,  a l o s s  i n  p rope l l e r  e f f i c i ency ,  hence, a l o s s  i n  s l i p s t r eam v e l o c i t y  and 
a reduct ion  i n  tu rn ing  e f f ec t iveness .  A l o s s  i n  l i f t  r e s u l t s  from t h e  lowered 
s l ip s t r eam v e l o c i t y  and t h e  a i r c r a f t  s inks  r ap id ly  i n t o  t h e  ground. 
poss ib l e  t o  check t h e  descent with app l i ca t ion  of power. 
no ise  from t h e  p r o p e l l e r s  accompanies t h i s  loss i n  l i f t .  The a i r c r a f t  d id  not 
exh ib i t  any tendency t o  p i t c h  abrupt ly  when en ter ing  i n t o  ground e f f e c t .  
under cross-wind condi t ions,  asymmetric l o s s e s  i n  l i f t  were experienced, r e s u l t -  
ing i n  abrupt s i d e s l i p  o r  abrupt banking of t h e  a i r c r a f t  j u s t  p r i o r  t o  ground 
con tac t .  

It w a s  not 
A loud slapping 

However, 

A similar adverse ground e f f e c t  w a s  noted i n  wind-tunnel s t u d i e s  of an 
a i r c r a f t  with a similar wing loading as repor ted  i n  re ference  13. 

CONCLUDING R W K S  

F l i g h t  t es t s  with t h e  Ryan VZ-3RY V/STOL def lec ted-s l ips t ream t e s t  veh ic l e  
have ind ica t ed  t h a t  t h e  concept has some outs tanding advantages as a STOL a i r -  
c r a f t  where very sho r t  t ake-of f  and landing c h a r a c t e r i s t i c s  a r e  des i red .  An 
adverse ground e f f e c t ,  brought about by t h e  r e c i r c u l a t i o n  of t h e  p rope l l e r  
s l ips t ream,severe ly  r e s t r i c t e d  opera t ion  a t  very low a i r speeds .  

S teep  g l i d e  s lopes (up t o  -16O a t  40 knots )  a t  low horsepower and l e v e l  
f l i g h t  a t  very low a i r speeds  (as low as 6 knots )  a t  high horsepowerwere r e a d i l y  
achieved. However, no opera t ing  technique o r  change i n  aerodynamic c h a r a c t e r i s -  
t i c s  w a s  found t h a t  would permit s t e e p  descents  at low a i r speeds .  



It w a s  found t h a t  even though t h e  w i n g  was completely immersed i n  t h e  
s l i p s t r e a m  of t h e  p r o p e l l e r ,  unsteady flow over t h e  wing a t  very low a i r speeds  
r e s u l t e d  i n  poor f l i g h t - p a t h  c o n t r o l .  Adding f u l l - s p a n  leading-edge s la ts  mark- 
edly increased t h e  descent c a p a b i l i t y  and r e s u l t e d  i n  a l a r g e  decrease i n  l e v e l  
f l i g h t  a i r speeds .  

It w a s  found necessary t o  augment t h e  aerodynamic c o n t r o l s  t o  f l y  t h e  
v e h i c l e  a t  speeds l e s s  t h a n  35 knots .  

Ames Research Center 
Nat ional  Aeronautics and Space Administration 

Moffett F i e l d ,  Calif . ,  A p r i l  12, 1963 
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APPENDIX 

FLIGKC CHARACTERISTICS OF THE RYAN VZ-3RY 

STABILITY AND CONTROL CHARACTERISTICS 

S t a t i c  Longitudinal S t a b i l i t y  

The s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of  t h e  Ryan VZ-3RY at t h e  
maximum gross  weight and t h e  corresponding cen te r -o f -g rav i ty  p o s i t i o n  shown i n  
t a b l e  I are presented i n  f i g u r e  15 .  
s t a b i l i t y  throughout most of  i t s  f l i g h t  range, p a r t i c u l a r l y  with f l a p s  down. 
Longitudinal c o n t r o l  a t  low horsepower i n  landing approaches and during t h e  f lare  
-$as considered s a t i s f a c t o r y .  
was t o  decrease t h e  a i r s p e e d  a t  which t h e  a i r c r a f t  could be flown f o r  each f l a p  
and power s e t t i n g  and hence t o  make t h e  negat ive s t a b i l i t y  more apparent .  

The a i r c r a f t  exh ib i t ed  n e u t r a l  o r  negat ive 

The e f f e c t  of t h e  i n s t a l l a t i o n  of t h e  wing slats 

Longitudinal T r i m  

The l o n g i t u d i n a l  t r i m  c h a r a c t e r i s t i c s  of t h e  a i r c r a f t  without s la t s  have 
been previously r epor t ed  i n  r e fe rence  5; hence, only t h e  e f f e c t s  of t h e  s la ts  on 
t h e  angle  of a t t a c k  r e q u i r e d  f o r  l eve l  f l i g h t  are r epea ted  here .  These d a t a  
were shown i n  f i g u r e  6. 
a i r c r a f t  t o  be flown t o  a considerably higher angle of  a t t a c k  and, hence, lower 
a i r speed .  

It w i l l  be noted t h a t  t h e  leading-edge slats allowed t h e  

The e f f e c t s  of h o r i z o n t a l - t a i l  incidence,  f l a p s ,  and power on t h e  l o n g i t u d i -  
n a l  t r i m  are shown i n  f i g u r e  16. 
power on t r i m  are small, probably because t h e  nose-down p i t c h i n g  moments produced 
by t h e  d e f l e c t i o n  of  t h e  f l a p s  are o f f s e t  by t h e  nose-up p i t ch ing  moments pro-  
duced by t h e  changes i n  power t h a t  accompany t h e  f l a p  changes. Th i s  would not be 
t h e  case i f  t h e  cen te r  l i n e  of  t h e  p r o p e l l e r  passed above t h e  a i r p l a n e  cen te r  of  
g r a v i t y  as it normally would on a high wing monoplane with t h e  n a c e l l e s  mounted 
c l o s e  t o  t h e  wing r e fe rence  l i n e .  

It w i l l  be noted t h a t  t h e  e f f e c t s  of f l a p s  and 

Steady S i d e s l i p  C h a r a c t e r i s t i c s  

The e f f e c t s  of s teady s i d e s l i p  on bank angle  r equ i r ed  f o r  t r i m  and on t h e  
rudder r equ i r ed  f o r  t r i m  are shown i n  f i g u r e  17. These d a t a  showed a marked 
change i n  s i d e s l i p  a t t a i n a b l e  a t  t h e  d i f f e r e n t  powers a s s o c i a t e d  with t h e  va r ious  
f l a p  d e f l e c t i o n s  noted. The t h r u s t  d i v e r t e r  was r e a l i n e d  t o  remove t h e  yawing 
moment due t o  power but s i n c e  t h e  bank ang le  r equ i r ed  t o  maintain a given 

11 



s i d e s l i p  was small and unaffected by t h i s  alinement t h e s e  d a t a  were not r e t aken .  
However, it i s  evident from t h e s e  da t a  t h a t  t h e  d i r e c t i o n a l  c o n t r o l  of any 
a i r speed  o r  f l a p  d e f l e c t i o n  w a s  inadequate.  

FLIGH!T OPERATING BOUNDARIES 

The minimum and maximum a i r speed- f l ap  d e f l e c t i o n  boundaries over which t h e  
d e f l e c t e d  s l i p s t r e a m  t e s t  v e h i c l e  w a s  operated a r e  shown i n  f i g u r e  18. 
imum airspeeds allowable f o r  each f l a p  d e f l e c t i o n  were d i c t a t e d  by t h e  s t r u c t u r a l  
s t r e n g t h  of t h e  wing f l a p s .  The minimum a i r speed  boundaries at f l i g h t  i d l e  power 
were d i c t a t e d  by wing s t a l l  up t o  f l a p  d e f l e c t i o n s  of  40° and by l a c k  of l a te ra l  
c o n t r o l  a t  f l a p  d e f l e c t i o n s  between 40' and 65'. 
ab le  a t  power f o r  l e v e l  f l i g h t  were determined by t h e  a i r speed  a t  which l e v e l  
f l i g h t  could not be maintained. The inc rease  i n  performance with t h e  wing 
leading-edge s la ts  i n s t a l l e d  i s  apparent.  Th i s  i s  p r imar i ly  due t o  t h e  increased 
angle  of a t t a c k  t o  which t h e  a i r p l a n e  can be flown with t h e  s la ts  on. 

The max- 

The minimum a i r speeds  o b t a i n -  

12 
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TABLE I. - GEOMrmRIC DATA, RYAN VZ-3RY 

Wing . . . . . . . . . . . . . . . . . . . . . . .  Area ( f l a p s  up) sq f t  125 
S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23.4 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.4 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 
Mean aerodynamic chord, f t  5.33 
Incidence ( r e l a t i v e  t o  fuse lage  re ference  l i n e ) ,  deg . . . . . . . .  22 

. . . . . . . . . . . . . . . . . . . . .  
A i r f o i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 4418 

'Flap 
Area ( 4  f l a p s ) ,  sq f t  . . . . . . . . . . . . . . . . . . . . . . .  126.8 
S p a n ( e a c h f l a p ) , f t  . . . . . . . . . . . . . . . . . . . . . . . .  10 -0  

Upper f l a p  3.29 
Lower f l a p  3 SO5 

Chord, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Horizontal  t a i l  

A r e a , s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . . . .  
Elevator  area a f t  of  hinge l i n e ,  sq f t  . . . . . . . . . . . . . . .  
Tab a r e a  aft  of hinge l i n e ,  sq f t  . . . . . . . . . . . . . . . . .  
Tab gear  r a t i o ,  deg tab/deg e l eva to r  . . . . . . . . . . . . . . . .  
T a i l  l ength  (wing C / 4  t o  horiz. t a i l  C / 4 ) ,  f t  . . . . . . . . . . . .  
Incidence change a v a i l a b l e  f o r  t r i m  ( incidence re ference  l i n e  

Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i n c l i n e d  13' nose up with r e spec t  t o  fuse lage  re ference  l i n e ) ,  deg 

V e r t i c a l  t a i l  
A r e a , s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rudder area af t  of hinge l i n e ,  s q  ft . . . . . . . . . . . . . . . .  
S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

64.4 
15.4 
3 -7 
1.0 

4.18 
11.86 

2.56 

13.76 
1 .43: l  

LO 

21.2 
4.1 
4.7 

Fuselage 
Length ( inc luding  t h r u s t  d i v e r t e r )  , f t  . . . . . . . . . . . . . . .  30 .oo 
Height (max), f t  5.15 
Width (max), f t  2.5 
Cockpit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  open 

. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ejec t ion  seat (rocket  -ca tapul t  with zero-zero 

c a p a b i l i t y )  . . . . . . . . . . . . . . . . . . . . . .  North American LW-1A 
Ejec t ion  s e a t  weight ( including parachute  and c a t a p u l t ) ,  lb . . . .  71.5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I Ratedhorsepower 725 
Engine LiycomingYT-53 . . . . . . . . . . . . . . . . . . . . . . . . . .  



Prope l l e r  - Hart z e l l ,  3 -blade, wood, Model HC -93Z20 - l C  . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-17 
13 . . . . . . . . . . . . . . . . . . . . .  1-5 

-9.0 

Diameter, f t  

Thrust  a x i s  toe-out ,  deg 
Thrust a x i s  i n c l i n a t i o n  r e l a t i v e  t o  wing chord l i n e ,  deg . . . . .  
Thrust  a x i s  re la t ive t o  fuselage r e fe rence  l i n e ,  deg . . . . . . .  

Weight and balance . . . . . . . . . . . . . . . . . . . . .  2925 

21.10 
6.61 

Maximum gross  weight, l b  
Center of  g r a v i t y  (a t  maximum gross  weight), inches a f t  of  l ead ing -  

V e r t i c a l  cen te r  of g r a v i t y  (below fuse l age  r e fe rence  l i n e ,  i n . )  
edge mean aerodynamic chord . . . . . . . . . . . . . . . . . . .  

. . 
Note: Thrust  a x i s  passes  1.87 inches below cen te r  of g r a v i t y  a t  l o n g i t u d i n a l  

center-of -gravi ty  p o s i t i o n .  
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